We examined the effect of functional disability on allcause mortality and cause-specific deaths among community-dwelling US adults. to estimate the effects of disability on mortality and leading causes of death.
F unctional disability affects large numbers of Americans. In 2010, 56.7 million people (18.7% of the community-dwelling population) had some level of disability, and 38.3 million (12.6% of the same population) had a severe disability. 1 The concept of health should be the same for people with and without such disabilities. 2 However, people with disabilities experience poorer health and functioning than those without disabilities. [3] [4] [5] [6] [7] [8] [9] [10] In particular, people with disabilities are at greater risk for secondary conditions, such as cardiovascular disease, diabetes, urinary tract infection, and pressure sores, each of which adversely affect overall health. 2, 11 These associations suggest that people with disabilities may have increased risk of mortality, although the mechanism is unclear.
A complication of the disability-mortality association is that people with disabilities are prone to higher behavioral health risks that affect morbidity and mortality. For example, people with disabilities are more likely to be obese, [12] [13] [14] to smoke, 14 and to be physically inactive, 15 all risk factors for premature mortality. Additional studies have shown that protective lifestyle behaviors, such as exercise, may delay both the onset of disability and subsequent mortality. 16 Prior studies of the association between disability and death have been limited by inadequate covariate adjustment or control for disability severity or functional limitations, 6, 9, 17 low generalizability due to the use of clinic samples or focus only on older adults, 3, 5, 6, 8, [17] [18] [19] and samples that do not include comparison adults without disability. 20, 21 Most studies have only focused on a single type of disability 18, 20, [22] [23] [24] [25] or disability in general, 21 or only on allcause mortality. 3, 5, 6, 8, 9, 17, 19, 24, 25 Understanding differential mortality by disability type is necessary because different groups may need tailored interventions to reduce their mortality risk. Design of interventions to reduce mortality risk faced by people with disabilities also may require knowledge of their causes of death.
We used data on community-dwelling US adults to assess the association between disability (and disability type) on all-cause mortality and on cause-specific deaths. Disability types included sensory, mental/substance use impairment, cognitive, movement, and employment disability. Cause-specific deaths included heart disease, malignant neoplasms, chronic lower respiratory diseases, cerebrovascular diseases (stroke), unintentional accidents, and suicides/assaults. We used Cox proportional hazard regression models to estimate the likelihood of mortality, incorporating both time to death as well as adjustment for number of functional limitations and demographic and socioeconomic characteristics. We also examined the rank-ordered causes of death for adults with and without a disability at baseline who later died.
METHODS

Data Sources
We used data from the 1994 and 1995 National Health Interview Survey (NHIS) public use files and the NHIS-Disability Supplement (NHIS-D) fielded during the same years, linked to the restricted use files for the National Death Index (NDI) for the years 1994-2006. 26 The NHIS-D data provide detailed information on disability, and the NDI provides detailed death information including date and cause of death.
Sample
For the 1994-1995 NHIS-D surveys, the total number of adult respondent records aged 18 or older was 145,007. Of these records, 2371 (1.64%) were ineligible for an NDI record linkage because of missing linkage information (eg, name, social security number, date of birth). Of the remaining 142,636 adult respondents, 19,283 (13.5%) died during the follow-up period, that is, between their interview date and December 31, 2006 . Of the 142,636 adult respondents included in the descriptive analyses, the any disability measure was missing for 7093 (4.97%) adults, resulting in an analytical sample of 135,543 adult respondents for regression analyses. We found no difference on a range of characteristics between those dropped and included in regression analyses.
Disability Definition and Categories
Disability status was ascertained at the NHIS-D interview and defined by having any activity limitation or the use of special equipment (eg, a cane, wheelchair, or special bed or telephone). For the full list of NHIS questions used to code disability constructs, please see SDC, Table 1 , Supplemental Digital Content 1, http://links.lww.com/MLR/ A869). The "any disability" measure was defined as having one or more of the all-inclusive disability categories listed below for at least 12 months before interview. Some single disability types were combined into broader categories to increase sample sizes for analysis. The 5 categories were (1) sensory (impairment in sight or hearing); (2) mental/substance use impairment (schizophrenia, paranoid/delusional disorders, bipolar disorder, major depression, severe personality disorder, alcohol abuse, drug abuse, and other mental or emotional conditions); (3) cognitive impairment (problems with learning, communication, and/or understanding, Down Syndrome, mental retardation, autism, Alzheimer disease, or other senile disorders); (4) movement (difficulty with lifting 10 pounds, walking up 10 steps, walking a quarter mile, standing for 20 minutes, bending down from a standing position, reaching over the head, using the fingers to grasp or handle something, or holding a pen or pencil or reporting the use of a cane, crutches, walker, wheelchair, or scooter to get around), and, for analyses performed on adults aged 18-64 only; (5) employment (unable to work or limited in work because of impairment or health problem or currently receiving Supplemental Security Income). Each disability category was a dichotomous variable coded as 1 or 0, as was the overall variable of any disability.
Because the disability types were not mutually exclusive, a 3-level variable was created to designate whether the respondent had 1 disability or multiple disabilities with the referent group being no disability. Any disability, multiple/single/no disability, and each disability category were alternately the main predictor variables of interest in our analyses. We also created a count variable to measure difficulties with activities of daily living (ADLs), which included bathing, dressing, eating, getting in or out of bed or a chair, or using the toilet (range, 0-6), to serve as an indicator of the degree/level of disability experienced regardless of disability type. Finally, in models that assess the association between mortality and disability type, because respondents can have >1 type of disability we created a variable that indicates multiple disabilities (yes vs. no, with no including those with either one or no disabilities).
Death
All-cause mortality was indicated by having a death record in the linked NDI file (yes/no). We also coded causes of death using the underlying-cause-of-death International Classification of Diseases (ICD-10) codes, 27 a set of variables representing the 113 mutually exclusive causes of death. The ICD-10 codes are based on the underlying cause of death, which is defined by the World Health Organization as the disease or injury that initiated the train of events leading directly to death, or the circumstances of the accident or violence that produced the fatal injury. For this analysis, we focused on 6 leading causes of death: (1) heart diseases (ICD-10 codes I00-I09, I11, I13, and I20-I51); (2) malignant neoplasms (eg, cancer and malignant tumors) (ICD-10 codes C00-C97); (3) chronic lower respiratory diseases (ICD-10 codes J40-J47); (4) cerebrovascular diseases (eg, stroke) (ICD-10 codes I60-I69); (5) unintentional accidents (ICD-10 codes V01-X59 and Y85-Y86); and (6) intentionalsuicides/assaults (ICD-10 codes U01-U03, X60-X84-Y09,Y87.0, and Y87.1). We created a survival time variable based on the number of days between the date of the NHIS-D interview and the date of death for use in the Cox proportional hazard models. Adults who did not die during the follow-up period were censored in the analyses, with the survival time variable computed in days between the date of interview through December 31, 2006, the last date of the follow-up period when the person was last known to be alive.
Covariates
In addition to year of interview, NHIS data provided information on covariates including demographic factors [age (y), sex, race/ethnicity, and marital status] and socioeconomic factors (education, employment status, family income level, and insurance coverage). In addition, NHIS data contained self-reported height and weight information that enabled the calculation of body mass index and classification of overweight/obese status.
Descriptive Analyses
Weighted population estimates (in 1000s) and weighted percentages of NHIS-D adults were reported for each predictor (disability) and outcome (death) variable of interest, as well as for each covariate level. In bivariate analyses, the relationship between disability at the time of the interview and death during the follow-up period was examined by computing the proportion of respondents who died by disability status and type for all causes of mortality and for 6 leading causes of death. Both unadjusted and age-adjusted percentages are presented. Age adjustment was performed using direct standardization to the age distribution of the 1994 and 1995 NHIS-D samples (categorized as 18-44, 45-64, 65-74, and 75+), thereby removing the confounding effect of age when comparing the proportion of adults who died across categories. For those who died during follow-up, leading causes of death were examined for adults with and without disability.
Proportional Hazard Models
Three Cox proportional hazard 28 regression models were estimated on 2 different age groups (respondents aged 18-64 y and 65 y or older), as well as on all adults aged 18 years or older, adjusting for covariates and the number of functional limitations. First, we focused on the mortality effects of reporting any disability. Second, we estimated the mortality effects of having various disability levels (having no, single, or multiple disabilities). Third, we estimated the effect of each disability category (sensory, mental/substance use impairment, cognitive, movement, and employment (employment disability was assessed only for those adults aged 18-64 y) adjusting for presence of overlapping disabilities (multiple disabilities vs. single or no disability). Fourth, we estimated the effect of disability (any levels and categories) on each cause-specific death. Finally, we conducted a sensitivity analysis for the disability categories analyses where each model contained only 1 specific disability category rather than entering all categories into the model simultaneously, adjusting for the same covariates listed above to assess the robustness of the estimates in the model with all disability types included. Multicollinearity analyses did not reveal significant associations between variables. The proportional hazards assumption was met for each of the main independent variables of interest (ie, each of the disability variables in each model).
All statistical analyses were performed using SUDAAN release 11.0 29 to account for weighting and the complex sample design. A pooled analysis weight was created based on the combined 1994 and 1995 NHIS-D phase 1 data files and was applied to estimate population parameters permitting generalization to the US civilian, noninstitutionalized adult population. For all statistical tests, a P value of <0.05 was considered statistically significant.
RESULTS
Baseline characteristics of the 142,636 adults in descriptive analyses were representative of the 1994-1995 US noninstitutional population. A majority were aged 18-45 years, female, white, not Hispanic or Latino, married, high school graduates, currently employed, had family incomes over 200% of the federal poverty level, and had health insurance coverage (Table 1) .
More than 16% of our sample had a disability at baseline. About one quarter of those with a disability had multiple disabilities. Movement disabilities were the most common (7.48% of our sample), followed by 6.46% with sensory disabilities, 4.25% with mental/substance use impairment, 2.51% with cognitive impairment, and 8.71% of adults aged 18-64 with an employment disability.
Overall, 18,236 respondents (13.5%) in our analytic sample [ie, those with nonmissing disability data (n = 135,543)] died of any cause during the follow-up period (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) . Adults with any disability at baseline were more likely to die during follow-up than adults without a disability at baseline [age-adjusted percentages: 19.92% vs. 10.94%; hazard ratio (HR) = 1.51; 95% confidence interval (CI), 1.45-1.57, Table 2 ]. Those with multiple disabilities were most likely to die, followed by those with a single disability and those with no disability (age-adjusted percentages: 26.01% vs. 17.97% vs. 10.94%). Both adults with multiple disabilities and with a single disability were more likely to die than adults without a disability at baseline (HR = 1.70; 95% CI, 1.60-1.81 and HR = 1.45; 95% CI, 1.39-1.51, respectively). The magnitude of the coefficients (not shown) describing the association between any disability and death and between multiple disabilities and death for adults aged 18-64 years are larger than coefficients for adults aged 65 or older, suggesting a stronger association in young and middle-aged adults.
Among adults aged 65 or older, those with each type of disability were more likely to die than those with no disability in a model that contained all disability types and covariates. Findings were similar among younger adults aged 18-64 and all adults aged 18 or older, however, there was no association between having cognitive impairment and death. Sensitivity models among adults of these age groups that included just cognitive impairment adjusted for covariates and the number of functional limitations also showed the lack of association. In the model for adults aged 18-64 years that also contained the employment disability variable, adults with cognitive impairment were less likely to die as compared with those with no disability (HR = 0.74; 95% CI, 0.62-0.88). Odds ratios for the covariates included in each allcause mortality model are displayed in SDC, Among all adults who died (regardless of disability status), the leading cause of death was heart disease (29.76%), followed by malignant neoplasm (24.76%), stroke (cerebrovascular diseases, 6.40%), and chronic lower respiratory diseases (5.34%). In addition, 3.19% of all adults died of unintentional accidents and 1.47% died from suicide or assaults ( Table 3 ). The leading causes of death were the same among adults with a disability at baseline, but the difference between heart disease and malignant neoplasms was considerably larger (32.83% and 17.84%, respectively). In contrast, the leading cause of death for adults with no disability at baseline was malignant neoplasm (29.68%), followed by heart disease (27.54%).
Compared with adults without a disability, adults with a disability at baseline were more likely to die of heart disease (5.93% vs. 3.14%; HR = 1.55; 95% CI, 1.44-1.68), malignant neoplasms (3.97% vs. 3.06%; HR = 1.18; 95% CI, 1.09-1.27), stroke (1.25% vs. 0.67%; HR = 1.62; 95% CI, 1.40-1.87), chronic lower respiratory diseases (1.24% vs. (Table 4 and Fig. 1 ).
People with multiple disabilities and those with single disabilities were more likely to die of each leading cause of death compared with those with no disability (except intentional suicides or assaults, in which estimates were suppressed because of small sample sizes); the magnitude of the HR was higher among those with multiple disabilities than those with a single disability.
In models that included all disability types, adults in each of the specific disability categories had increased risk of death as compared with adults with no disability at baseline. For example, adults with mental/substance use impairment or movement disability were more likely to die of heart diseases and of malignant neoplasms than adults with no disability. Adults with movement disability were more likely to die of stroke, and adults within each disability category except cognitive were more likely to die of chronic lower respiratory disease than adults without a disability. Adults with mental/substance use impairment were approximately 3 and a half times as likely as adults without a disability to die of suicide/assaults (HR = 3.58; 95% CI, 2.13-6.00). Odds ratios for the covariates included in each cause-specific mortality model are displayed in SDC, 
DISCUSSION
This study found that all-cause mortality rates were higher among adults with disabilities than among adults without disabilities. In addition, the study found significant associations between several types of disability and causespecific mortality. For example, adults with mental/substance use impairment were over 3 and a half times as likely to die of suicide or assault as those without disability, a finding that suggests targeting interventions for those experiencing mental illness or substance use disorders. Prior studies have shown significant associations between mental/substance use impairment and mortality from heart diseases, 30 and malignant neoplasms. 31 Overall, this study's results are generalizable to community-dwelling adults in the United States.
The rank-ordered causes of death for adults with disability at baseline mirrored that of the general population, with heart disease as the leading cause of death, followed by malignant neoplasms. However, those without disability at baseline were most likely to die of malignant neoplasms, followed by heart disease. In contrast, heart disease is the leading cause of death in the United States among adults with disability, but not among adults without disability. Thus, public policies to lower heart disease may have a disproportionate effect in lowering mortality rates among people with disabilities.
Consistent with previous studies, this study found associations between disability, functional status, and mental illness and mortality. 3, 5, 6, 8, 9, [17] [18] [19] [20] [21] [22] [23] [24] [25] In addition, we found that most disability categories (all categories among adults aged 65 or older; all categories but cognitive impairment among adults aged 18-64 and among adults 18 or older) significantly increased the risk of mortality. Adults in both the single disability category and the multiple disabilities category had higher risks of mortality than adults without disability. Even though the working age population was less likely to report any disability, the magnitude of the effect of disability on mortality is greater when restricted to the 18-64 age group. Additional research to understand this difference in magnitude may help identify potential policies (eg, more timely access to care or better care coordination) to reduce mortality in the working age population.
In terms of disability categories, movement disability had the strongest association with mortality, followed by mental/substance use impairment, and sensory disability. The only disability category that we did not find to be associated with increased mortality was cognitive impairment among the younger (and overall adult) age groups; in fact, adults aged 18-64 years with cognitive impairment were less likely to die during follow-up. Although other studies have shown an increased risk of mortality among those with cognitive impairment, most sampled older adult populations or sampled patients with a particular medical disorder. 32 Although our analysis did include younger adults, the NHIS did not sample some populations with high levels of cognitive impairment (eg, people in institutions, people without homes) and also excluded adults living in the community who had severe cognitive impairment for whom proxies may not have been available. 33 Thus, future research is needed to investigate whether this finding of no effect for cognitive impairment would continue if other, perhaps more severely impaired, subpopulations with cognitive impairment were included.
The overall results suggest that, in addition to their long-term care needs, people with disabilities have acute care needs that need to be addressed to reduce mortality risk. In particular, disparities in behavioral health risks, preventive service use (eg, mammograms), and the quality of care 34, 35 experienced by people with disabilities may be associated with this differential mortality risk. In addition, persons with disabilities may have unique situations that require special consideration in determining ways to best modify some risk factors for mortality (eg, efforts to increase physical activity may require environmental accommodations or specific assistance in exercising safely). Improvements in the availability of and access to preventive services and inclusion in behavioral health interventions may reduce this mortality risk differential. In addition, once people with disabilities become seriously ill, additional focus on care and case management to aid in timely and appropriate receipt of acute care may help delay or reduce mortality. This study has several limitations. First, the study collects disability information only at the time of the 1994-1995 NHIS-D interview. Therefore, the analyses do not account for any changes in disability status during the follow-up period. Because the "no disability" category probably included adults who developed disability subsequent to the interview, our estimates of mortality serve as a lower-bound estimate of the effects of disability on mortality. Second, we were unable to adjust for certain behavioral characteristics known to be correlates of disability and also associated with increased risk of mortality, including physical activity, smoking, alcohol use, and presence of chronic health conditions 36 because the NHIS-D did not collect these data on the full sample of participants. Thus, future research focused on exploring the impact of these covariates on the disability-mortality association is needed. Our findings, however, improve on previous studies examining the association between disability and death because relatively few earlier studies adjusted for covariates other than age and sex. Third, although we did attempt to adjust for disability severity by including ADLs as a covariate, our analyses may not have considered other types of heterogeneity not measured by ADLs. Finally, the NHIS-D samples only from noninstitutionalized adults living in the community. We thus were unable to examine the impact of disability on death among adults living in nursing homes, mental health facilities, institutions for persons with intellectual and developmental disabilities, and correctional facilities, or adults without homes-populations that are likely to have more severe forms of disability than noninstitutionalized adults.
Despite the limitations, our study goes beyond the prior evidence base in important ways. It is the first study using nationally representative data to examine the association between different types of disability and mortality, including specific causes of death among US adults. We used Cox proportional models rather than logistic regression, which enabled us to account for time until death rather than simply examining whether death occurred. Few prior studies that used nondisabled adults as their comparison group, were able to adjust for multiple covariates (eg, a measure of functional impairment and characteristics implicated in the disability-death association), and had sample sizes large enough to permit examination of specific causes of death associated with disability and particular types of disability.
This study underlines the fact that some people with disabilities have serious health problems in addition to needing long-term services and supports. To address this issue, policymakers might focus on initiatives that integrate medical care and long-term services and supports. In addition, interventions that reduce disparities in access to health services, behavioral risk factors, and the receipt of preventive services are needed to effectively address the poorer health status of people with disabilities and reduce the risk of death. 
